TITLE OF THE INVENTION 
DESIGN CHECK SYSTEM, DESIGN CHECK METHOD 
AND DESIGN CHECK PROGRAM 

5 BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to CAD (Computer Aided Design), and more 
particularly to a design-check system, design-check method and design-check 
program that checks the electrical characteristics of CAD layout data for a 
10 printed circuit board. 

DESCRIPTION OF THE RELATED ART 

In recent years, digitization and increased performance of AV equipment 
has been advancing, as well as the digitization, speed and high integration of 

15 the LSI inside the AV equipment is advancing. Together with this, the 
radiated noise that is radiated from the circuit boards on which LSI are 
mounted is becoming a problem, and thus circuit-board design technology for 
reducing radiated noise is becoming very important. 

Also, as AV equipment has become smaller and more compact, the 

20 miniaturization of the circuit boards inside the equipment has advanced, and 
in order to make them even smaller, build-up boards made from new materials 
that differ from the conventionally used glass-epoxy material is becoming 
widely used. In boards made from this kind of new material, the radiation 
characteristics of the radiated noise differs from the characteristics from a 

25 conventional board, so it is necessary to change the design standards and 
design method according to the board material. 

In regards to this, a system has been proposed in which a designer 
(registrant) that can provide information related to board design and 
counter measure examples for suppressing radiated noise in a database via the 

30 Internet, and a designer (user) that needs information related to suppressing 
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radiated noise can acquire information by searching the database (for example, 
Japanese patent unexamined publication No. 2002*157280(Pgs. 4 to 7, Fig. 1)). 

In the prior art described above, the registrant registers detail circuit 
design and board layout in the database as design and countermeasure 
5 examples, so by searching the database, the user is able to acquire the detail 
circuit design and board layout. Therefore, by analyzing the acquired circuit 
design and board layout, the user not only is able to acquire information 
related to suppressing radiated noise, but is also able to acquire detail 
information related to circuit design and board layout. 
10 For the registrant, acquisition of detail information related to the circuit 

design and board layout by the user is not preferable since it is connected to 
leaking know-how. Furthermore, there is the danger that the circuit design 
and board layout acquired by the user will be distributed to a third party free 
of charge. 

15 

SUMMARY OF THE INVENTION 

Taking into considerations the problems of the prior art, the object of this 
invention is to provide a design-check system that prevents the distribution of 
detail circuit design and board layout information, and charges a fee for access 

20 to the database. 

The present invention applies the following means in order to accomplish 
the object mentioned above. 

The design-check system of this invention comprises a storage means 
that stores position-specification conditions that specify a position where there 

25 is a possibility that poor electrical characteristics will occur due to an influence 
of the CAD layout, characteristic-parameter items to be extracted, and 
correction-determination standards that are standards for determining 
whether or not it is necessary to correct the CAD layout, which are correlated 
and registered in a database for each predicted cause of poor electrical 

30 characteristics. Also, this design-check system comprises a position- 
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specification means, characteristic-parameter-extraction means, and 
correction- determination means for checking the electrical characteristics of a 
CAD layout data. 

The position-specification means is used for specifying positions from the 
5 CAD layout data where there is a possibility that poor electrical characteristics 
will occur, based on the position-specification conditions that are stored in the 
database. Also, the characteristic-parameter-extraction means extracts 
characteristic parameters according to characteristic-parameter items stored 
in the database at the positions specified by the position-specification means. 

10 Moreover, the correction- determination means determines whether or not 

it is necessary to correct the CAD layout data by comparing the characteristic 
parameters extracted by the characteristic-parameter-extraction means and 
the correction- determination standards that correspond to the characteristic 
parameters read from the storage means. 

15 When the design-check system comprises a client apparatus to which the 

CAD layout data is input and a server apparatus that is connected to the client 
apparatus via a network, the storage means is located in the server apparatus. 
Here, the position-specification means, characteristic-parameter-extraction 
means and correction-determination means can be located in either the server 

20 apparatus or client apparatus, however it is preferred that the position- 
specification means and characteristic-parameter-extraction means be located 
in the same apparatus. 

For example, when the server apparatus comprises the position- 
specification means, characteristic-parameter-extraction means and 

25 correction-determination means, the client apparatus sends the input CAD 
layout data to the server apparatus. In this case, the server apparatus 
extracts the characteristic parameters from the received CAD layout data and 
performs determination, then sends the determination result to the client 
apparatus. 

30 Also, when the server apparatus comprises the correction- determination 
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means and the client apparatus comprises the position-specification means 
and characteristic-parameter-extraction means, the client apparatus extracts 
the characteristic parameters from the CAD layout data and send them to the 
server apparatus. In this case, the server apparatus uses the received 
5 characteristic parameters to perform determination and then sends the 
determination result to the client apparatus. 

Moreover, when the client apparatus comprises the position- specification 
means, characteristic-parameter-extraction means, and correction- 
determination means, the client apparatus obtains the correction- 
10 determination standards from the server apparatus and performs 
determination. 

When the client apparatus comprises the position-specification means, 
characteristic-parameter-extraction means, or correction- determination means, 
each means can be stored as programs in the server apparatus, and the 
15 programs can be obtained from the server apparatus as needed and executed. 

With any of the kinds of construction described above, the design-check 
system is capable of checking the electrical characteristics without having to 
make available information such as the detail circuit design or CAD layout. 

The server apparatus may also comprises a billing means for performing 
20 billing according to access of the database from the client apparatus. In this 
invention, since it is not possible to perform the design check without accessing 
the database, it is possible to perform billing for information by performing 
billing according to access to the database. 

Also, it is possible for the client apparatus to comprise a selection means 
25 that is capable of selecting whether or not to display detail information related 
to the determination result such as an explanation of error or layout correction 
method registered in the database. By doing this, it is possible to display in 
stages information related to poor electrical characteristics. Moreover, by 
restricting the designers who are allowed to access the detail information, it is 
30 possible to display detail information only to certain designers. 
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Furthermore, it is also possible for the server apparatus to comprise a 
second storage means that collects the characteristic parameters extracted 
from the CAD layout data, and a statistics-calculation means that calculates 
statistical values such as an average value of the collected characteristic 
5 parameters and sends the statistical values together with the determination 
result to the client apparatus. By doing this, the user is able to compare 
his/her own design values with the average design values of other users, and 
thus is able to known his/her own design trends. 

On the other hand, in the design-check system of this invention, when 
10 circuit -de sign data is input instead of CAD layout data, the position- 
specification means specifies a position from the circuit-design data based on 
position-specification conditions that can specify the position by just the 
circuit-design data. When doing this, the server apparatus sends information 
related to the layout design that corresponds to the position-specification 
15 conditions registered in the database. 

In this way, the user is able to obtain information related to layout design 
by performing a design check in the stage of performing circuit design. 

Moreover, from another aspect, this invention provides a design-check 
method comprising the aforementioned steps. 
20 Furthermore, from yet another aspect, this invention provides a program 

that is executed by a computer to perform the design-check method described 
above. 

In this disclosure, the CAD layout data is circuit-design data such as 
information that specifies the devices of the circuit (device type, resistance 
25 value, capacitance value, etc.) or circuit information (type of transmitted signal, 
power-supply line, ground, etc.), or physical information related to the CAD 
layout such as the line length, line width, position of via holes, etc. 

Also, poor electrical characteristics due to the CAD layout include 
radiated noise that is generated due to the location of the line pattern, or 
30 distortion of the signal waveform due to signal interference between lines. 
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Furthermore, the characteristic parameters include information from the 
CAD layout data that is related to the occurrence of poor electrical 
characteristics due to an influence of the CAD layout. 

In the explanation above, this invention uses the position-specification 
5 conditions, characteristic-parameter items and correction- determination 
standards that are stored in the server as parameters for performing a design 
check of CAD layout data, so it is possible to check the electrical 
characteristics of the CAD layout without making available information such 
as the detail circuit design or CAD layout. Furthermore, since it is not 
10 possible for a third party to obtain the determination method or determination 
standards for determining whether or not it is necessary to correct the layout 
by analyzing the program of the client apparatus, confidentiality is improved. 

Also, in this invention, since neither the determination method nor 
determination standards for determining whether or not it is necessary to 
15 correct the CAD layout data are distributed to a third party, it is possible to 
perform billing for the information by performing billing according to access of 
the server apparatus (database). 

Furthermore, since there is a selection means that displays in stage the 
information related to poor electrical characteristics, by restricting the users 
20 that can access the detail information, it is possible to display the detail 
information to only certain users. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detail description of 
the present invention when taken in conjunction with the accompanying 
25 drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing showing the construction of the system of a 
first embodiment of the invention. 
30 Fig. 2 is a flowchart showing the flow of the processing of a first 
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embodiment of the invention. 

Fig. 3 is a drawing explaining the extraction conditions of a first 
embodiment of the invention. 

Fig. 4 is a drawing explaining the correction- determination standards of 
5 a first embodiment of the invention. 

Fig. 5 is a schematic drawing showing an example of a screen display of a 
client apparatus in a first embodiment of the invention. 

Fig. 6 is a schematic drawing of the detail-information display of a first 
embodiment of the invention. 
10 Fig. 7 is a schematic drawing showing another example of the 

construction of the system of a first embodiment of the invention. 

Fig. 8 is a schematic drawing showing a system of a second embodiment 
of the invention. 

Fig. 9 is a flowchart showing the flow of the processing of a second 
15 embodiment of the invention. 

Fig. 10 is a schematic drawing showing the construction of the system of 
a third embodiment of the invention. 

Fig. 11 is a flowchart showing the flow of the processing of a third 
embodiment of the invention. 
20 Fig. 12 is a schematic drawing showing the construction of a fourth 

embodiment of the invention. 

Fig. 13 is a drawing explaining the extraction conditions of a fourth 
embodiment of the invention. 

Fig. 14 is a schematic drawing showing the construction of a fifth 
25 embodiment of the invention. 

Fig. 15 is a drawing explaining the extraction conditions of a fifth 
embodiment of the invention. 

Fig. 16 is a drawing explaining the layout-design information of a fifth 
embodiment of the invention. 
30 Fig. 17 is a circuit diagram explaining the operation of a fifth 
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embodiment of the invention. 

Fig. 18(a) and Fig. 18(b) are drawings showing an example of when 
problems with electrical characteristics occur. 

Fig. 19(a) and Fig. 19(b) are drawings showing an example of when 
5 problems with electrical characteristics occur. 

Fig. 20(a) and Fig. 20(b) are drawings showing an example of when 
problems with electrical characteristics occur. 

Fig. 21(a) and Fig. 21(b) are drawings showing an example of when 
problems with electrical characteristics occur. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Embodiment 1) 

The preferred embodiments of the invention will be explained below with 
reference to the drawings. 
15 Fig. 1 is a schematic drawing showing a first embodiment of the 

invention. Also, Fig. 2 is a flowchart showing the processing of a client 
apparatus la and server apparatus 2. 

The design-check system of this invention executes the design-check 
process according to the procedure below when a user inputs CAD layout data 
20 to a client apparatus la, lb, ... . 

First, position- specification conditions 32 as shown in Fig. 3 and a 
characteristic-parameter items 33 are paired together and registered in a 
database stored in a storage means 16 of the server apparatus 2, and item 
numbers 31 are given to each respective item. 
25 A detail explanation of the each of the items will be given later, however, 

position- specification conditions 32 and characteristic-parameter items 33 will 
be explained below using item number T as an example. 

As shown in Fig. 18(b), with a slit 83 formed in a ground plane 82, when 
a signal line 81 on a layer above or below it locates across the slit 83, it is easy 
30 for radiated noise to occur depending on the amount of current flowing in the 



signal line 81 or on signal-frequency conditions. In this example, the position- 
specification conditions 32 are ! the slit in the ground plane and the signal line 
extending across the slit 1 , and the characteristic-parameter items 33 are f the 
frequency of the signal transmitted in the signal line 1 , 'the amount of current 
5 flowing in the signal line', and f the area of the plane constructed by the signal 
line and loop -current path 1 . 

In the state described above, first, the user inputs CAD layout data to the 
client apparatus la by CAD input or reading a data-file. For example, when 
the CAD layout data is input by CAD input, a screen 21 comprising a data- 

10 display section 51, message-display section 52, and command- display section 
53 is displayed on a display means 11 of the client apparatus la. In this state, 
the user inputs CAD layout data to the client apparatus la using the group of 
layout-edit buttons 54 that are located in the command-display section 53. 

After the CAD layout data has been input, the design check begins when 

15 the user clicks on a check button 55 in the command-display section 53. 

First, the client apparatus la performs communication with the server 
apparatus 2 by way of the sending/receiving means 15, 19, and using an 
apparatus ID or a user ID and password that were input by the user, makes an 
inquiry with the Authentication means 20 of the server apparatus 2 whether 

20 or not access to the database by the client apparatus la or user is allowed (Fig. 
2, SI and Sll). When access is not allowed, processing between the client 
apparatus la and the server apparatus 2 ends. 

When access is allowed, a position- specification means 12 of the client la 
reads all of position-specification conditions 32 and characteristic-parameter 

25 items 33 (hereafter, referred to as extraction conditions together with this two 
items) shown in Fig. 3 and the item numbers 31 (Fig. 2, S2). 

Next, a position-specification means 12 follows the order of item numbers 
31 to specify positions from the input CAD layout data that coincide with the 
position- specification conditions 32. Also, only in the case when positions 

30 from the input CAD layout data that coincide with the position-specification 
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conditions 32 could be specified, the characteristic-parameter-extraction means 
13 extracts characteristic parameters specified by the characteristic-parameter 
items 33 at the specified positions. 

In the example shown in Fig. 3, first, the position-specification means 12 
5 specifies a position that coincides with the position-specification condition 32 of 
item number T, which is 'the position where the signal line locates across slit 
on the ground plane' (Fig. 2, S3). When it is not possible to specify the 
position that coincides with this position-specification condition 32 for all of 
the input CAD layout data, the position-specification means 12 checks whether 

10 or not there is a next item (Fig. 2, S6). Here, since there is a next item, the 
position-specification means 12 specifies the position that coincides with the 
position- specification condition 32 of item number '2\ 

On the other hand, when the position-specification means 12 is able to 
specify a position that coincides with the position-specification condition 32 of 

15 item number T, the characteristic-parameter-extraction means 13 extracts the 
characteristic-parameter items 33 of item number '1' from the specified 
position, which are f the frequency of the signal transmitted in the signal line, 
the amount of current flowing in the signal line 1 , and the area of the plane 
formed by the signal line and the return-current path (Fig. 2, S4). At the 

20 same time, the characteristic-parameter-extraction means 13 extracts the 
position information of the CAD layout data, which are position coordinate. 
Also, the extracted characteristic parameters and coordinates are correlated 
with the item numbers 31 and stored in the storage means 14 of the client 
apparatus la. 

25 The position-specification process and characteristic-parameter- 

extraction process are repeated until the process is completed for all of the 
input CAD layout data (Fig. 2, S5). When the process is completed for all of 
the input CAD layout data, the position-specification means 12 checks whether 
or not there is a next item (Fig. 2, S6). Here, since there is a next item, it 

30 specifies a position coinciding with the position- specification condition 32 of 

10 



item number , 2\ 

When the position-specification process and characteristic-parameter- 
extraction process are repeated and processing is completed for all of the item 
numbers 31, the characteristic-parameter-extraction means 13 reads the 
5 characteristic parameters, coordinates of the extracted positions and the 
corresponding item numbers 31 that are stored in the storage means 14 of the 
client la, and sends them to the server apparatus 2 by way of the 
sending/receiving means 15 (Fig. 2, S7). 

A correction- determination means 17 of the server apparatus 2 receives 

10 the sent characteristic parameters, coordinates of the extracted positions and 
the corresponding item numbers 31 by way of the sending/receiving means 19 
(Fig. 2, S12). Also, the correction-determination means 17 reads the 
correction-determination standards 34 that corresponds to the received item 
numbers 31 from the database stored in the storage means 16, and compares 

15 the read correction- determination standards 34 with the received 
characteristic parameters and determines whether or not it is necessary to 
correct the CAD layout data (Fig. 2, S13). 

The determination is performed to determine whether or not the 
correction- determination standards 34, as shown in Fig. 4, correlated by the 

20 item numbers 31 are met. For example, when the characteristic parameters 
for item number T is sent from the client apparatus la, the correction- 
determination means 17 reads the correction- determination standard 34 of 
item number T, which is that f the amount of radiated noise calculated from 
the characteristic parameter exceeds the specified maximum value'. Also, it 

25 uses a relational expression that will be described later to calculate the 
amount of radiated noise from the received characteristic parameter. 

When this calculated amount of radiated noise exceeds the specified 
maximum value, the correction-determination means 17 determines that it is 
necessary to correct the CAD layout data (determines that there is an error), 

30 and when the calculated amount of radiated noise does not exceed the specified 
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maximum value, the correction-determination means 17 determines that 
correction is not necessary. 

This determination is performed in order for all of the received 
characteristic parameters (Fig. 2, S14). Also, after determination has been 
5 completed for all of the characteristic parameters, the correction- 
determination means 17 sends the determination result, for example sends the 
coordinates of the extracted positions for which the feature parameters that 
were determined to be in error to the client apparatus la (Fig. 2, S15). 

With the construction described above, the server apparatus 2 uses the 

10 characteristic parameters extracted by the client apparatus la determines 
whether or not to correct the CAD layout, and returns the determination result 
to the client apparatus la, so it is possible to check the electrical 
characteristics without making information such as detail circuit design or 
CAD layout data available to the user. 

15 Therefore, there is no danger of distributing information such as detail 

circuit design or board layout data to other businesses even when there is an 
open environment where the network 3 is connected to the Internet such that 
it is possible for other businesses to use the design-check system. Also, it is 
not possible for a third party to acquire the determination method or 

20 determination criteria for determining whether or not correcting the CAD 
layout is necessary even by analyzing the program of the client apparatus la, 
and so there is high confidentiality. 

On the other hand, the client apparatus la receives the determination 
result (Fig. 2, S8), and displays that result on the display means 11 (Fig. 2, S9). 

25 In the example shown in Fig. 5, the determination result is displayed in the 
message-display section 53 of the screen display 21. 

This determination result contains the number of positions that were 
determined to be in error and a URL that indicates a Web page that is a 
selection means 56 that can display detail information when it is necessary. 

30 Then, by referencing this URL, it is possible to acquire detail information 
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related to the errors (Fig. 2, S10). In the example shown in Fig. 5, by clicking 
on the URL portion displayed in the message-display section 53 of the screen 
display 21, the browser is activated and it is possible to display the Web page. 
As shown in the example of Web page display in Fig. 6, the coordinates of 
5 an error position acquired when extracting the characteristic parameter, an 
explanation of the error that corresponds to the item number 31 registered in 
the database, and the method for correcting the layout are displayed on the 
Web page 22 that gives detail information. When referencing this Web page 
22, the area for the input CAD layout data that is displayed in the data- 

10 display section 51 is highlighted, making it possible to check the position. 

For example, by limiting the users who can access this detail information 
such that only certain users can display the detail information, it is possible to 
make the detail information available to in-company users, but not make the 
detail information available to users outside the company. 

15 In the server apparatus 2, when the determination result is sent to the 

client apparatus la, the billing means 18 performs the billing process 
according to access of the database by the client apparatus la (Fig. 2, S16). 

The billing means 18 monitors the correction* determination means 17 
and access of the database, and performs the billing process for the user or 

20 client apparatus la, which was confirmed by the Authentication means 20, 
according to the number of accesses, the access time, the number of errors, 
provided amount of information, etc. The billing means 18 also performs the 
billing process when the client apparatus la references the Web page 22 that 
displays the detail information. In addition, by performing identification 

25 using the apparatus ID or user ID, it is possible to no perform the billing 
process for certain IDs of in-company users, for example. 

In this invention, as described above, since the determination method 
and determination criteria for determining whether or not layout correction is 
necessary are not distributed to a third party, or in other words, since 

30 information is not distributed, it is possible to accurately perform billing for 

13 



the information by performing the billing process according to access of the 
database. 

On the other hand, the design-check system of this invention can be 
applied as an educational tool of the user as one method of use. When used as 
5 an educational tool, information such as theory for the occurrence of poor 
electrical characteristic that are predicted to occur due to an influence of the 
CAD layout is further registered in the database, and it is possible to display 
an explanation of the information using figures and graphs using the Web 
page specified by the URL. 

10 In this way, when it is determined that it is necessary to correct the 

layout, the user can reference the theory for the occurrence of poor electrical 
characteristic, and thus it is possible to improve design performance. 
Moreover, by having the billing means 18 perform billing according to the 
number of errors for each user, it is possible to check the user's skill of CAD 

15 layout design according the bill total. 

In the explanation above, when the design check starts, the position- 
specification means 12 acquires extraction conditions from the database. 
However, it is also possible to store the extraction conditions in the storage 
means 14 of the client apparatus la. 

20 By doing this, it is not necessary for the client la to acquire extraction 

conditions from the server apparatus 2 each time when performing the design 
check, so it is possible to reduce the number of times data is sent and received 
between the client apparatus la and the server apparatus 2. In this case, the 
position-specification apparatus 12 checks the time stamp at the beginning of 

25 each design check for whether or not the database has been changed by the 
addition of new items or the like, and when the database has been changed, it 
acquires the extraction conditions from the database and updates the 
extraction conditions stored in the storage means 14. In this way, by just 
updating the database stored in the storage means 16 of the server apparatus 

30 2 it is possible for all of the client apparatuses la, lb, ... connected by way of 
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the network to always perform the design check based on the most recent 
information. 

Also, in the explanation above, the case of performing the design check 
based on all of the check items in the database was explained, however, it is 
5 also possible as in the example shown in Fig. 7, to display the design-check 
items registered in the database in a list on the display of the client apparatus 
la at the start of the design check, and for the user to use the item -selection 
means 71 that is displayed on the display means 11 to select items for which to 
perform the design check. By doing this, for example, it becomes possible, 

10 when performing the design check again after correcting the CAD layout data 
based on the result of the design check, to check just check items that resulted 
in error, and thus it is possible to reduce the check time. 

Furthermore, in the explanation above, the client apparatus la was 
constructed such that it comprised beforehand the position- specification means 

15 12 and characteristic-parameter-extraction means 13, however the invention is 
not limited to this. For example, the same effect can be obtained by 
constructing the server apparatus 2 such that a program that makes the client 
apparatus la execute the position-specification process and characteristic- 
parameter-extraction process (Fig. 2, S2 to S6) is stored in the storage means 

20 16, and the client apparatus acquires this program from the server apparatus 
2 at the start of the design check. 

Also, in the case of construction in which the client apparatus la acquires 
the program from the server apparatus 2 in this way, by deleting the program 
according to an instruction from the server apparatus 2 when the check of the 

25 electrical characteristics of the CAD layout has been completed, it is possible 
to increase confidentiality even more because a third party cannot analyze the 
program. 

The example of poor electrical characteristics is not limited to this detail 
example, is just an example and does not limit the technical scope of the 
30 invention. 



(Embodiment 2) 

Another embodiment of the invention will be explained below with 
reference to the schematic drawing of Fig. 8 and the flowchart of Fig. 9. In 
5 the drawings, the same reference numbers will be used for blocks having the 
same functions and for steps that perform the same processes as in the first 
embodiment described above. 

In this embodiment, the server apparatus 2 comprises the position- 
specification means 12 and characteristic-parameter-extraction means 13 that 
10 the client apparatus la comprised of in the first embodiment, and the client 
apparatus la comprises a server-access means 72 that accesses the server 
apparatus 2. 

In other words, the client apparatus la in which the CAD layout data is 
input performs communication with the server apparatus 2 by way of the 

15 server-access means 72, which is a browser or the like, and when access to the 
database is allowed (Fig. 9, Si), sends the input CAD layout data to the server 
apparatus 2 (Fig. 9, S2l). 

After the server apparatus 2 receives the CAD layout data (Fig. 9, S22), 
the position-specification means 12 and characteristic-parameter-extraction 

20 means 13 of the server apparatus 2 performs the position-specification process 
and characteristic-parameter-extraction process explained above for the first 
embodiment according to the extraction conditions, and extracts the 
characteristic parameters and coordinates of the extraction position from the 
input CAD layout data. (Fig. 9, S2 to S6). 

25 Also, the correction- determination means 17 determines whether or not it 

necessary to correct the CAD layout data based on the extracted characteristic 
parameters as was done in the first embodiment (Fig. 9, S13, S14), and sends 
the determination result and the coordinates of the position where the 
characteristic parameters were extracted to the client apparatus la (Fig. 9, 

30 SI 5). The operation by the client apparatus la after it receives the 
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determination result is the same as in the first embodiment, so an explanation 
of it will be omitted. 

In this embodiment, as in the case of the first embodiment, it is possible 
to check the electrical characteristics without having to make available to the 
5 user information such as the detail circuit design or board layout. Also, in 
this embodiment it is possible to improve confidentiality since checking of the 
electrical characteristics of the CAD layout data is completely performed by 
the server apparatus 2. 

10 (Embodiment 3) 

A further embodiment of the invention will be explained below with 
reference to the schematic drawing shown in Fig. 10 and the flowchart shown 
in Fig. 11. In the drawings, the same reference numbers will be used for 
blocks having the same functions and for steps that perform the same 
15 processes as in the first embodiment described above. 

In this embodiment, the client apparatus la comprises the correction- 
determination 12 that was part of the server apparatus 2 in the first 
embodiment. 

In other words, after the client apparatus la executes the characteristic - 
20 parameter-extraction process (Fig. 11, SI to S6) on the input CAD layout data 
as explained in the first embodiment, the correction-determination means 17 
of the client apparatus la performs determination to determine whether or not 
it is necessary to correct the CAD layout data (Fig. 11, S13 and S14). At this 
time, the correction-determination means 17 reads the correction- 
25 determination standards 34 that correspond to the item numbers 31 from the 
database stored in the storage means 16 of the server apparatus 2 and 
references them (Fig. 11, S3l). 

The operation when this determination result is displayed on the display 
of the client apparatus la is the same as the operation of the client apparatus 
30 la after it received the determination result in the first embodiment, so an 



explanation of it will be omitted here. 

In this embodiment, as in the first embodiment, it is possible to check 
electrical characteristics without having to make available information to the 
user such as the detail circuit design or board layout. 
5 In the explanation above, the client apparatus la was constructed such 

that it comprised beforehand the position-specification means 12, 
characteristic-parameter-extraction means 13 and correction- determination 
means 17, however the invention is not limited to this. For example, the 
same effect can be obtained by constructing the server apparatus 2 such that a 

10 program that makes the client apparatus la execute the position-specification 
process and characteristic-parameter-extraction process (Fig. 2, S2 to S6) and 
a program that makes the client apparatus client apparatus la execute the 
correction- determination process (Fig. 11, S13 and S14) are stored in the 
storage means 16, and the client apparatus la acquires these programs from 

15 the server apparatus at the start of the design check. 

Moreover, in the case of this construction in which the client apparatus 
la acquires programs from the server apparatus 2 in this way, by deleting the 
programs according to an instruction from the server apparatus 2 when 
checking of the electrical characteristics of the CAD layout is completed, it is 

20 possible to improve confidentiality since a third party cannot analyze the 
programs. 

(Embodiment 4) 

In this embodiment, the server apparatus 2 explained in the 
25 embodiments described above further comprises a second storage means 121 
that collects the characteristic parameters extracted from the CAD layout data, 
and a statistics-calculation means 122 that calculates statistics such as the 
average value and maximum value of the collected characteristic parameters. 
Here, the case of applying this embodiment to the server apparatus 2 
30 explained in the first embodiment will be explained with reference to the 
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schematic drawing of the server apparatus 2 shown in Fig. 12. 

As was explained for the first embodiment, when the user starts a design 
check on a CAD layout data, the characteristic parameters and coordinates of 
the extraction position that were extracted by the client apparatus la and the 
5 item numbers 31 are sent to the server apparatus 2. In this embodiment, the 
characteristic parameters that were received by the server apparatus 2 are 
stored in the second storage means 121 in order together with the item 
numbers 31. 

When a design check is started for another CAD layout data with the 
10 characteristic parameters collected in the second storage means 121 in this 
way, the statistics -calculation means 122 reads all of the characteristic 
parameters that correspond to the item numbers 31 that were received 
together with the characteristic parameters from the second storage means 
121, then calculates the statistical values such as the average and maximum 
15 value for the characteristic parameters and sends them to the client apparatus 
la. 

There are characteristic parameters that are extracted from the CAD 
layout data, such as the coordinates that are recorded for item number f 2 f in 
Fig. 2, that are not appropriate for calculation of the statistical values. 

20 Therefore, in this embodiment, item numbers 31 of the characteristic- 
parameter items 33 for which statistical values will be calculated are set 
beforehand in the statistics-calculation means 122, and the statistics- 
calculation means 122 calculates statistical values only for the characteristic 
parameters that correspond to the set item numbers 31. 

25 In this embodiment, in order to simplify the management of 

characteristic-parameter items 33 for which statistical values are calculated in 
this way, in addition to the characteristic-parameter items 33 explained in the 
first embodiment, characteristic-parameter items 33 that are only used for the 
purpose of calculating statistical values are registered in the database stored 

30 in the storage means 16 of the server apparatus 2. In the example shown in 
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Fig. 13, the position-specification condition 'LSI 1 is registered for item number 
f 100\ and 'the number of power-supply pins and the number of bypass 
capacitors 1 are registered as the characteristic parameter item 33. 

In this case, from the CAD layout data, the position-specification means 
5 12 of the client apparatus la specifies 'LSI 1 as the position-specification 
condition 32 corresponding to the item number '100' stored in the storage 
means 16. Also, the characteristic-parameter-extraction means 13 extracts 
the number of power-supply pins of the specified LSI and the number of bypass 
capacitors connected to the power-supply pins as characteristic parameters 

10 and sends the values to the server apparatus 2. 

Also, before the design check is executed, the statistics-calculation means 
122 reads the characteristic parameters that correspond to item number 'lOO 1 
that are stored in the storage means 122 and calculates the statistical values 
and sends them to the client apparatus la. At this time, the correction- 

15 determination standards corresponding to item number '100' are not registered 
in the database, so the correction- determination means 17 does not determine 
whether or not it is necessary to correct the CAD layout. 

In this way, the statistical values that are sent to the client apparatus la 
are displayed in the message -display section 52 of the display screen 21 shown 

20 in Fig. 5, for example, 'In comparison to the average value of 1.3 bypass 
capacitors used per one power-supply pin, in this design there is 0.7 bypass 
capacitors per power-supply pin 1 . 

With this construction, it is possible for the user to compare his/her 
design values with the average design value of other users, better understand 

25 his/her own design trends. 

(Embodiment 5) 

In this embodiment, the server apparatus 2 explained in the 
embodiments described above further comprises a layout-design-information- 
30 reading means 141. Here, the case of applying this construction to the server 
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apparatus 2 explained in the first embodiment will be explained with reference 
to the schematic drawing of the server apparatus 2 shown in Fig. 14. 

In the embodiments described above, CAD layout data is input to the 
client apparatus la, however in this embodiment, circuit-design data is input 
5 instead of the CAD layout data. 

When the design check begins with the circuit-design data input in this 
way, the position-specification means 12 specifies the position from the circuit- 
design data based on the position-specification conditions 32 that can specify a 
position by just the circuit-design data, and the characteristic-parameter- 

10 extraction means 13 extracts the characteristic parameters for that specified 
position. Here, the position- specification conditions 32 that can specify a 
position by just the circuit-design data are the 'bypass capacitors 1 that are 
located between the power-supply line and the grounding plane, and the 
'damping resistors' located between the clock pins of the LSI. As shown in Fig. 

15 14, these kinds of position- specification conditions 32 are correlated with the 
item numbers 31 and characteristic-parameter items 33 and registered in the 
database. In the example shown in Fig. 14, 'bypass capacitor' is registered as 
the position- specification condition 32 and 'power-supply pin' is registered as 
the characteristic-parameter item for item number '200 1 . 

20 The steps of the position-specification process and characteristic- 

parameter process are the same as the steps in the first embodiment, so here 
an explanation of them is omitted. 

In this state, the case where circuit-design data for a circuit in which the 
control IC (ICl) and memory IC (IC2) are connected as shown in Fig. 17 is 

25 input in the client apparatus la, is explained below. The numbers around 
each IC shown in Fig. 17 indicate the pin numbers of the respective IC. 

In this case, the position-specification means 12 and characteristic - 
parameter-extraction means 13 obtain 'CI and pin No. 10 of ICl', 'C2 and pin 
No. 24 of ICl 1 , .... , 'C6 and pin No. 27 of IC2' as combinations of specified 

30 positions and characteristic parameters for item number '200'. 
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On the other hand, the layout-design information 35, which is 
information related to the layout design, is correlated with the item numbers 
31 and registered in the database. In other words, as shown in Fig. 15, the 
layout-design information 35, f bypass capacitors are located such that the 
5 distance to the power-supply pin is a minimum 1 , is registered in the database 
for item number '200' for which 'bypass capacitor 1 is registered. 

In the server apparatus 2, the item numbers 31 that are send from the 
characteristic-parameter-extraction means 13 are input in order in the layout- 
information-reading means 141. For example, when item number '200' is 

10 input, the layout-information-reading means 141 reads the layout-design 
information 35 corresponding to item number f 200\ which is 'the bypass 
capacitor is placed such that the distance to the power-supply pin or distance 
from the outside to the power-supply-input means is a minimum', from the 
database, and sends that layout-design information 35 to the client apparatus 

15 la. At that time, item number '200' is also input to the correction- 
determination means 17, however, since the correction- determination 
standards corresponding to item number '200' are not registered in the 
database, the correction-determination means 17 does not determine whether 
or not it is necessary to correct the CAD layout data. 

20 The client apparatus la that received the layout-design information 35 

displays the combinations of specified positions and characteristic parameters 
that correspond to that layout-design information 35 in the message-display 
section 52 of the display screen 21 shown in Fig. 5. In other words, in the 
above example, 'bypass capacitor CI is placed such that the distance to pin No. 

25 10 of IC1 is a minimum', and the like is displayed. 

At this time, by writing the layout-design information 35 in the header as 
additional information to the input circuit-design data, it is possible to check 
that information by referencing the circuit-design data when performing 
circuit-board design based on the circuit-design data. 

30 This embodiment performs the design check for the circuit-design data, 
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so the client apparatus la comprises the item-selection means 71 that was 
explained in the first embodiment, and it is preferred that the design-check 
system of this embodiment be constructed such that it executes the design 
check only for position-specification conditions 32 that can specify a position 
5 with just the circuit-design data. 

In this way, by executing the design check in the circuit design stage, 
the user is able to obtain information from the database related to the layout 
design, and reflect that information on the CAD layout design. 

In each of the embodiments described above, the client apparatus la can 
10 also comprise a DRC (Design Rule Check) function that checks whether or not 
design rules (minimum line width, minimum line spacing, via hole size, etc.) 
that are regulated by the circuit-board manufacturing process are satisfied. 
By doing this it is possible to check for violation of design rules while checking 
the electrical characteristics, so it is very efficient. 

15 

(Example 1 of Poor Electrical Characteristics) 

An example of poor electrical characteristics for which the check of the 
design-check system of this invention is performed is given below. 

The example shown in Fig. 18(a) is an example of a multi-layer circuit 

20 board in which the inner wiring layer is the ground plane and the signal lines 
81 are formed on the other layers, and where the signal lines 81 are located 
across a slit 83 that divides the ground plane 82. In a multi-layer circuit 
board where the signal lines 81 that surround the ground plane 82 are 
connected by a via hole and power is supplied to the other layers from the 

25 power-supply plane 86, this kind of slit 83 in the ground plane 82 may occur 
along the clearance land of a via hole that passes through the ground plane 82. 
Also, this kind of slit 83 in the ground plane 82 may occur when the ground 
plane 82 is divided into a digital ground area and analog ground area. 

When there is no slit in the ground plane 82, the current flows in the 

30 signal line 81 and a return current 84 flows on the ground plane in the 

23 



opposite direction of that current and the electromagnetic waves that occur 
cancel each other out. 

However, when there is a slit 83 in the path of flow of this return current 
84, the return current 84 flows around the outside of that slit 83. Therefore, 
5 the electromagnetic waves that due to the current flowing in the signal line 81 
and the return current 84 do not cancel each other out. In this kind of state, 
radiated noise is generated proportional to the loop area 85, which is the area 
of the plane formed by the path of the return current 84 and the signal line 81. 

This amount of radiated noise (E), as shown in Equation 1, depends on 
10 the frequency (f) of the signal transmitted in the signal line, the amount of 
current (I) that flows in the signal line, and the loop area 85 (A). 

(Equation l) 

E=k*I*A*fVR 

In Equation 1, k is constant that is obtained from actual measurement, 
and R is the distance from the circuit board to the position where the intensity 
of the radiated noise is measured (for example, 3 m). 

In this example, the position-specification condition is f a position where 
there is a signal line that locates on slits in the ground plane 1 . Also, the 
extracted characteristic parameter items are 'the frequency of the signal 
transmitted in the signal line 1 , ! the current flowing in the signal line', and ? the 
loop area'. 

Moreover, the maximum allowable value of the amount of generated 
radiated noise (E) is set as an upper limit, and the correction- determination 
standard becomes 'when the amount of radiated noise calculated from the 
characteristic parameters exceeds the upper limit 1 . 

(Example 2 of Poor Electrical Characteristics) 
30 The example shown in Fig. 19(a) is an example where in a multi-layer 
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circuit board, a power-supply line 91 is formed on the top plane, and a third 
wiring layer is used as the power- supply plane by way of an insulating layer, 
and where a bypass capacitor 93 is connected to one end of the power-supply 
line 91 that supplies power from the power-supply plane to the LSI by way of 
5 the via hole and the other end is connected to ground. 

In the case where the power-supply pin 94 of the LSI 90, the via hole 92 
the connects to the power-supply plane, and the bypass capacitor 93 are 
connected in the order shown in Fig. 19(a), part of the high-frequency current 
that flows out from the power* supply pin 94 of the LSI 90 flows to the power- 

10 supply plane by way of the via hole 92 without flowing to the bypass capacitor 
93. The current that flows to this power-supply plane causes the potential on 
the power-supply plane to fluctuate and so radiated noise is generated. 
Therefore, as shown in Fig. 19(b) a CAD layout in which the bypass capacitor 
93 is located between the LSI 90 and the via hole 92 is better. 

15 In this example, the position- specification conditions are 'positions where 

there is an LSI 1 , f a via hole connected to the power-supply plane 1 , and 'a bypass 
capacitor and power-supply line 1 . Also, the extracted characteristic parameter 
items are 'the coordinates of the power-supply pin of the LSI 1 , 'the coordinates 
of the power-supply line', 'the coordinates of the bypass capacitor', and 

20 'coordinates of the via hole that connects to the power-supply plane', and the 
correction-determination standard is that 'there is no bypass capacitor 
between the via hole and power-supply pin of the LSI'. 

(Example 3 of Poor Electrical Characteristics) 
25 The example shown in Fig. 20, is an example where in a multi-layer 

circuit board, a signal line 101 is formed on the wiring layer on the top plane, 
and the second wiring layer, by way of the insulating layer, is used as the 
ground plane 102, and the signal line 101 located on the edge of the circuit 
board. 

30 As shown in Fig. 20(a), when the signal line 101 is located on the edge of 



the circuit board, the electric field the is generated by the signal transmitted in 
the signal line 101 leaks outside of the circuit board without closing the circuit 
with the ground plane 102. This electric field that leaks outside of the circuit 
board generates radiated noise. This leakage of electric field becomes larger 
5 the higher the frequency is of the signal transmitted in the signal line 101. 
Therefore, as shown in Fig. 20(b), a layout in which the signal line 101 is 
located at a specified distance on the inside from the edge of the circuit board 
such that the electric field does not leak to the outside is better. The case 
where the signal line is located on the middle layer and there is a ground plane 

10 above and below it, the leakage of the electric field is different, so it is an 
example different from this example. 

In the case of this example, the position-specification condition is that 
'the signal line is formed on the top plane on the edge of the circuit board*. 
Also, the extracted characteristic parameter items are, 'the distance from the 

15 edge of the circuit board to the signal fine', the layer on which the signal line is 
located', 'the maximum frequency of the signal transmitted in the signal line 
(in the case of a pulse signal, this is calculated from the rise time or fall time)', 
and 'the circuit-board layer construction', and the correction- determination 
standard is that 'the signal line, along which a signal having a maximum 

20 frequency that is greater than a specified frequency, is located a specified 
distance from the edge of the circuit board'. 

(Example 4 of Poor Electrical Characteristics) 

The example shown in Fig. 21 is an example where in a multi-layer 
25 circuit board the two inner wiring layers are arranged as the ground plane 111 
and power-supply plane 112. 

In the case where the ground plane 111 and power-supply plane 112 are 
located on the inner layers, when the end section of the ground plane 111 and 
the end plane of the power-supply plane 112 are lined up, the electric field 
30 flows from the power-supply plane 112 toward the ground plane 111 as shown 
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in Fig. 21(a), and reaches the ground plane 111 by way of going outside the 
circuit board. This leakage outside of the circuit board of the electric field 
generates radiated noise. Therefore, as shown in Fig. 21(b), a layout in which 
the end sections of the power-supply plane 112 are located a specified width 
further on the inside than the ground plane 111, and there is no leakage of 
electric field to the outside is better. 

In this example, the position-specification condition is that 'there is a 
ground plane and a power-supply plane 1 . Also, the extracted characteristic - 
parameter items are 'the circuit-board layer construction', 'coordinates of the 
power-supply plane (coordinates of a point on the plane)', and 'coordinates of 
the ground plane (coordinates of a point on the plane)', and the correction- 
determination standard is that 'the end sections of the power-supply plane are 
located further on the inside by a specified width than the end sections of the 
ground plane'. 

While the invention has been described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is understood 
that numerous other modifications and variations can be devised without 
departing from the scope of the invention. 
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